To present our series of patients with penetrating renal trauma treated at two urban major trauma centres and to discuss the contemporary management of such injuries.
Introduction
Although most renal injuries are the result of blunt trauma, penetrating injuries account for up to 40% of cases in urban settings [1] [2] [3] . Their management can often be challenging because of unpredictable internal damage and associated injuries. Over the past two decades, there has been a shift in the management of penetrating renal trauma towards nonoperative options for selected cases [4] . In England, centralization of services towards major trauma centres introduced a structured and systematic approach to providing high-quality and consistent care to trauma patients. These centres are equipped with experienced trauma teams 24 h/ day, with immediate access to emergency radiology services and emergency trauma theatres [5] . Advancements in interventional radiology and the immediate availability of angiography and embolization have also significantly contributed to the move away from surgical interventions.
In the present study we review the mechanisms of injury, clinical features, management and outcomes of patients presenting with penetrating renal trauma to two UK urban major trauma centres.
Methods
We analysed data collected prospectively and cross-referenced with the Trauma Audit and Research Network (TARN) dataset for all patients presenting with penetrating renal injuries between January 2005 and October 2016 at the two South London major trauma centres: King's College Hospital and St George's Hospital.
Data were collected on demographics, mechanism of injury, haemodynamic stability, renal injury radiological characteristics, associated injuries, emergency management, complications and follow-up.
All patients were assessed and managed as per Advanced Trauma Life Support principles. All patients included underwent contrast-enhanced CT at presentation. Imaging was reviewed by consultant radiologists experienced in trauma imaging to grade renal injuries according to the American Association for the Surgery of Trauma (AAST) organ injury severity scale (Table 1 ) [6] . Haemodynamic instability was defined as tachycardia (heart rate >100/min) and/or hypotension (blood pressure <90/ 60 mmHg) on initial assessment.
Multidisciplinary decisions on the acute management of the renal injuries were based on recommendations by the trauma team and the on-call urological consultant, which is in line with the European Association of Urology guidelines [1] .
Fisher's chi-squared test was used as the statistical hypothesis test for categorical data, with P values <0.05 taken to indicate statistical significance.
Results

Patient Characteristics and Mechanisms of Injury
Over the 11-year period, 63 patients presented with penetrating renal trauma. The vast majority of patients were male (61; 96.8%). Their mean (range) age was 27.4 (14-71) years, with 13 patients (20.6%) aged <18 years. The commonest mechanism of injury was knife stabbing (n = 55; 87.3%), followed by gunshot wound (GSW; n = 7; 11.1%) and crossbow injury (n = 1; 1.6%).
Assessment
All patients had unilateral trauma, with 32 injuries (50.8%) being right-sided and 31 (49.2%) left-sided. Using the AAST organ injury grading system for renal trauma, 11 patients (17.5%) had grade II injury, 26 (41.3%) had grade III injury and 26 (41.3%) had grade IV injury. Associated thoracic or abdominal injuries were present in 46 patients (73%), with thoracic and abdominal injuries being most common ( Table 2 ). At initial evaluation, 47 patients (74.6%) were haemodynamically stable. Of these, three (4.8%) later became unstable and underwent angiography and embolization. Of the 16 patients (25.4%) who were initially haemodynamically unstable, nine (14.3%) responded to resuscitation and were managed conservatively.
Acute Management
In our cohort, 52 patients (82.5%) were managed by observation alone and 10 patients (15.9%) underwent emergency angiography and embolization. One patient (1.6%) underwent exploration of the retroperitoneum after stabbing injury because of an evident perinephric haematoma seen during laparotomy for emergency splenectomy; a laceration through the Gerota's fascia surrounded by a haematoma was found, but the injury did not involve the renal parenchyma therefore no further intervention was needed. No nephrectomies or mortalities were reported. Eight patients underwent laparotomy for management of non-renal visceral injuries, while their renal injury was managed conservatively (Fig. 1 ).
All 11 patients with grade II injury were managed conservatively, with one of the patients undergoing wound exploration but no nephrectomy or repair was required. Of the 26 patients with grade III injury, three (11.5%) underwent emergency angioembolization (two patients were haemodynamically unstable at presentation, while the other became unstable later). Of the 26 patients with grade IV injury, seven (26.9%) underwent emergency angioembolization. The difference between the two groups was not significant (P = 0.29; Table 3 ).
Fifty-six patients (88.9%) did not require blood transfusion. Minor blood transfusion (1-2 units of packed red cells) was required in two patients (3.2%), 3-4 units of packed red cells were given in one patient (1.6%), while major blood transfusion (>4 units of packed red cells) was required in four patients (6.3%). The main indications for transfusion were haemodynamic instability, significant intra-operative blood loss or significant drop in haemoglobin concentration in the recovery period (<8 g/dL).
Ongoing Management
Six patients (9.5%) developed renovascular complications; five developed arterial pseudoaneurysms and one patient developed an arteriovenous malformation.
Segmental renal artery pseudoaneurysms developed in five patients between days 6 and 8 after stab injury. Four of these had been initially managed conservatively, while one had been acutely managed by selective angioembolization. All patients underwent successful pseudoaneurysm embolization within 48 h of diagnosis.
One initially conservatively managed patient underwent embolization of arteriovenous malformation on day 8 after his GSW injury. Gunshot wound injuries (n=7; 11.1%) (n=63) Fig. 1 Acute management of injury according to mechanism of injury (*stabbing injuries include one case of crossbow injury). Four patients required temporary ureteric stent placement for management of urinary leak from the kidney or proximal ureter. Three of these were patients with grade IV stab injury managed with emergency angioembolization, while one was a patient with a grade III GSW injury that was initially managed conservatively.
Discussion
Stab wounds are by far the most common cause of penetrating renal injury in our region. A cross-sectional study over 1 year in one of our trauma centres found that 0.77% of all emergency department attendances were related to knife injuries (n = 938), accounting for 24% of the major trauma team's caseload. The cases were self-reported as accidents (49%), assaults (43%) and deliberate self-harm (8%). The majority of abdominal trauma caused superficial injuries only, while only 1.6% of all knife injuries involved a solid organ [7] .
The mechanism of injury varies considerably across the world, which may partly reflect the presence of concomitant injuries and subsequent differences in management. In our series only seven patients (11.1%) had a GSW injury. In most published series from the USA, the rate of gun-related renal injuries is substantially higher, which could potentially explain the higher intervention rates compared with our series.
A single-centre retrospective study from the USA in 98 patients with penetrating renal injuries, of whom 79 (80.6%) had GSW injuries, showed that 40% were managed conservatively while 38% underwent renorrhaphy and 22% underwent nephrectomy. None of the 16 patients with stab injury required nephrectomy and 81% of these were managed conservatively. No attempt at emergency angiography was reported [8] . Another US study of 93 patients with penetrating renal trauma, of whom 86% had a GSW injury, found that 95% of patients had associated multiorgan injuries. The authors found that the absence of an expanding haematoma and/or haemodynamic instability did not increase the risk of nephrectomy [9] .
Armenakas et al. [3] reported on 200 renal stab injuries, of which 92 required renal exploration. Renal reconstruction was performed for 74 units and nephrectomy was performed for 11 units. There were no mortalities attributable to urological causes. In that series, six patients underwent angiography with no mention of attempt of embolization [3] . An Australian series reported on 13 patients with penetrating renal injuries with only one case being a GSW injury and the remaining being stabbing injuries. Although only one of the patients required nephrectomy (grade V injury), six underwent laparotomy [10] .
Management of patients with grade IV renal injury may often be challenging. A single-centre US study analysed 77 patients with blunt or penetrating renal injuries, of whom 25% had GSW injuries and 9% had stab injuries. All but one patient with penetrating renal trauma underwent renal exploration, with patients with a GSW renal injury being more likely to require renorrhaphy (58%) or nephrectomy (42%) compared to those with stab injury (57% and 29% respectively). Emergency angioembolization was not mentioned in this series, although two patients underwent embolization for delayed bleeding [11] .
The presence of associated non-renal injuries is a significant predictor for the decision to explore; in a San Francisco series of 87 grade IV penetrating renal injuries 26% of patients with isolated renal injuries were explored compared with 74% of those with concomitant penetrating injuries [12] .
Expert reporting of the initial CT is of paramount importance in decision making as it accurately predicts surgical findings in stab wounds to back and flank [13] . Wessells et al. [4] stressed the importance of accurate CT staging for best selection of patients for non-operative management of penetrating renal injuries. Perinephric haematoma should not form an absolute contraindication for trial of conservative management as the retroperitoneal position of the kidneys with the overlying Gerota's fascia can often tamponade any haemorrhage [4] .
Angiography with arterial embolization techniques for management of renal trauma has been in practice for over three decades ( Figs 2 and 3) ; however, it may often not be immediately available or be the procedure of choice when intervention is indicated. A recent survey amongst level 1 and level 2 US trauma centre practitioners found that 42% of urologists would not use angioembolization for penetrating renal injury, while interventional radiologists may be more inclined to consider it as an option in such cases [14] .
Eastham et al. [15] reported successful haemostasis in 14 of 16 patients with renal stab wounds managed with angioembolization, with the remaining two patients subsequently requiring partial nephrectomy. Complications reported were non-target embolization in two cases; one resulting in hypertension and the other having no resulting untoward effect [15] . Muir et al. [16] evaluated the role of routine early angiography and assessed the frequency of secondary haemorrhage after penetrating injury to the kidney. Seven of 68 patients who were managed non-operatively underwent early diagnostic angiography, with two of these undergoing angioembolization. Twelve of the conservatively managed patients (20%) ultimately required either renal repair (nine), angioembolization (three) or nephrectomy (one), resulting in longer hospital stay. Renal artery embolization has also been shown to be safe with regard to renal function preservation in renal trauma, with no increased risk of acute renal impairment [17] .
The use of angiography, however, may not always be effective in penetrating renal trauma. Analysis of a US national trauma data bank of >9 000 renal injuries, of which 12.1% were penetrating injuries, showed that angioembolization was threefold more likely to fail for penetrating trauma compared with blunt trauma; however, the study only included data on the index hospitalizations which prevented analysis of the eventual outcomes, with some of the repeat angiographies potentially performed for concomitant injuries [18] .
Our series showed a significant risk of renovascular sequelae (9.5%) associated with non-operative management, with five patients developing arterial pseudoaneurysms and one patient developing an arteriovenous malformation. In a South African cohort of penetrating renal injuries, four of 49 conservatively managed renal injuries (8%) developed delayed haematuria and underwent angiography, revealing one false aneurysm and two arteriovenous fistulas that were embolized [19] . Heyns and van Vollenhoven [20] analysed a group of 93 patients with renal stab injuries, 14 of whom subsequently underwent renal angiography. Traumatic pseudoaneurysm was reported in six patients, while arteriovenous fistula was present in five patients. Selective embolization was successful in all but two cases. In this series, one in five patients selected for conservative management developed renovascular complications [21] . The diagnosis of renal injury in this series was based on clinical evaluation and IVU with no routine CT, therefore, it is possible that the series represented higher grade injuries compared with more recent series, which may, at least partly, explain the higher rate of complications.
Follow-up CT for high grade IV and V injuries is recommended by European and US guidelines 36-72 h after presentation [1, 22, 23] . In the present cohort, four of the six patients who developed renovascular complications had grade III renal injury and we therefore highly recommend the use of early re-imaging in lower grade penetrating renal injuries as well. Given the high proportion of adolescents with renal penetrating injuries in the urban setting (>20% under the age of 18 years in our cohort), a novel imaging alternative to CT may be beneficial to reduce ionizing radiation burden in the follow-up period. Reported experience with contrast-enhanced ultrasonography has been promising in imaging vascular complications [24] and paediatric abdominal trauma [25] . Contrast-enhanced ultrasonography has the potential to exclude renovascular sequelae after penetrating renal injuries without the undesirable ionizing radiation and nephrotoxicity associated with iodinated contrast medium.
The present study shows significant differences in the mechanisms of injury as well as the management of patients with penetrating renal injuries compared with practice in the USA. The very low rate of surgical interventions may reflect the low percentage of GSW injuries and high percentage of stab injuries in our series compared with other published studies. In our experience, GSW injuries in South London are mostly low-velocity injuries caused by handguns. Our centres have the benefit of a 24-h expert interventional radiology service, which is often used for management of unstable trauma patients in conjunction with intensive care support, which may not be feasible for several centres managing renal injuries worldwide.
In conclusion, the management of penetrating vs blunt renal trauma should be clearly distinguished as the mechanism of injury and the forces exerted to the renal parenchyma, vasculature and perinephric structures differ substantially. In our experience, the vast majority of penetrating renal trauma is being safely managed non-operatively, which could at least partly be explained by the low rate of GSW renal injuries.
Emergency angiography with subsequent embolization should form the backbone for the modern management of haemodynamically unstable patients and should be immediately available in major trauma centres. Associated trauma to the intraperitoneal or thoracic cavity should be managed independently and should not form an indication for exploration or intervention to the kidney. Renovascular complications are not uncommon, therefore routine early reimaging is recommended for moderate-and high-grade injuries. Further studies to investigate the effect of nonoperative management on the risk of renovascular complications are needed.
